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Abstract. We present a study of the optical spectrum of the fascinating B[e] 
star Hen 2-90 based on new high-resolution observations taken with FEROS at 
the ESQ 1.52m tel escope in La SiUa (Chile). The recent HST image of Hen 2-90 
ijSahai et al.ll2002^) reveals a bipolar, highly ionized region, a neutral disk-like 
structure seen almost perfectly edge-on, and an intermediate region of moderate 
ionization. The slits of our observations cover the same innermost region of 
Hen 2-90 as the HST image, which allows us to combine the observations. Our 
spectra contain a huge amount of permitted and forbidden emission lines of 
atoms in different stages of ionization. In addition, the line wings deliver velocity 
information of the emitting region. We find correlation between the different 
ionization states of the elements and the velocities derived from the line profiles: 
the highly ionized atoms have the highest outflow velocity, while the neutral lines 
have the lowest. When combining the velocity information with the HST image 
of Hen 2-90, it seems that a non-spherical stellar wind model is a good option 
to explain the ionization and spatial distribution of the circumstellar material. 
Our modeling of the forbidden emission lines results in strong evidence for Hen 
2-90 being a compact planetary nebulae that has undergone a superwind phase 
of high, non-spherical mass loss, most probably triggered by a central star that 
was rotating with about 80% of the critical velocity. We find a total mass loss 
rate during this superwind phase on the order of 3 x 10~^ M0yr~^. 



1. Introduction 

The classification of stars with respect to their evolutionary stage is not always 
straightforward. This is especially true for the sou thern galactic B [e] st ar Hen 
2-90. It was fi rst classified as a p lanet ary nebula by IWebsteil (|l 9fifir i and iHenizel 
Later, ICosta et a,1.l (|l 99.11 ) and iMar iell ()l99 .S''l classified it clS cL planetary 
nebula wit h low metal abundance and with a central star of lo w mass and low 
lumin osity. ISahai NvmanI ( 20001 ) . based on HST images, and iGuerrero et aD 



using ground-based images, have described the presence of a nebula 
bisected by a disk and with both a bipolar jet and knots, spaced uniformly. The 
dynamical stability of the jets and knots makes Hen 2-90 even a unique object. 
These characteristics could point to a compact planetary ne bula nature with 
the jets shaping the spherical AGE wind in a bipolar scenario ( Sahai Traugeil 
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Figure 1. Parts of the low-resolution (B&C) spectrum including the iden- 
tification of the most prominent lines. 
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Il998l : llmai et alJ 120021: IVinkovic et al.ll2nn4ri or to a binary n ature like e.g. a 
symbiotic object (ISa hai fc NvmanI 120001 : IG uerrero et al.ll200lf ). Reason enough 
for us to take a closer look at this fascinating object by studying its close- by 
circumstellar material by means of an analysis of its forbidden emission lines 
arising in the optical spectrum. 



2. Observations 

High and low resolution observations were obtained with the Fiber-fed Extended 
Range Optical Spectrograph (FEROS) and with the Boiler &; Chivens (B&C) 
spectrograph, respectively, at the ESO 1.52m telescope in La Silla (Chile, under 
agreement ESO/ON). Parts of the low resolution B&C spectrum are shown in 
Fig. 1, and a line identification of the most prominent lines is given. Both, the 
fibre aperture of FEROS and the slit width of B&C were 2" which is indicated 
by the circle overplotted on the HST image (top panel of Fig. 2). An extended 
description of the observations tog ether with a classific ation of the line profiles 
and a complete line list is given in lKraus et al. I (l2005d ). 



3. The nature of the circumstellar material of Hen 2-90 

There exist three major reasons why we think that the circumstellar material 
can best be approximated by a non-spherical wind scenario: 

1. The emission lines: Our spectra contain plenty of emission lines, 
both permitted and forbidden. Usually, the density considerations for these lines 
are completely different: while permitted lines need high density regions to be 
strong, the forbidden lines need a low density environment. The circumstellar 
medium of Hen 2-90 must therefore consist of at least two (probably more) 
different density regions. 

2. The ionization structure: The HST image clearly shows dominance 
of high-ionized material (Olll) in the polar directions, lower ionized material at 
intermediate directions (Nil), and a dark, probably neutral disk-like structure 
in the equatorial plane. A zoo of different ionization states is also present in our 
optical spectra, and we want to stress that we even observed strong emission of 
[Ol] , indicative for a huge amount of hydrogen neutral material in the vicinity of 
the central star and most probably associated with the dark disk-like structure. 

3. The velocity structure: From the high-resolution spectra we were 
able to derive the wing velocities of the individual emission lines. Interestingly, 
we found that the high-ionized lines have the highest velocities, while the neutral 
lines (e.g. [Ol]) have the lowest velocities. 

The combination of these three facts led us to the conclusion that the cir- 
cumstellar medium of Hen 2-90 might best be modeled with a non-spherical 
wind scenario with latitude dependent temperature (ionization structure), den- 
sity distribution, and outflow velocity. Such a scenario, as shown in the bottom 
panel of Fig. 2, is the basis for our model calculations. 
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Figure 2. Top: HST image of Hen 2-90 from lSahai et all l|2002fl indicating 
the bipolar wind separated by the equatorial edge-on seen disk-like structure. 
The big white circle indicates the aperture/slit width of our observations. 
Bottom: Sketch of the non-spherical wind model divided up into the polar 
wind, outflowing disk, and intermediate wind. Also given are the correspond- 
ing wind terminal velocities, derived from the wings of the emission lines in 
the different wind parts. 



4. The non-spherical wind model for Hen 2-90 



The stellar parameters of Hen 2-90 are not well known. For example, its effective 
temperature ranges between 50 000 K (iKaler fc ,Tacobvlll99ll : ICosta et aLlligQ.-^ 
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and 32 000 K ( Cidale et al.ll200il ). depending on the method used^. During the 
modeling it turned out that the real surface temperature in the polar wind 
is not really relevant, because the forbidden lines are produced further away 
from the star where the wind temperature dropped already to its final value. 
Equallv p oorlv known is the dist ance to Hen 2- 90, which ranges between 1.5 kpc 
( Costa et al..,,.1993i ) and 2.5 kpc (;Sahai &: Nvman..2000. ) . and we use a mean value 
of 2.0 kpc. 



Table 1. Best fit model parameters for the polar, intermediate, and disk 
wind. The mass fluxes are assumed to be constant within the indicated 9- 
ranges and have an error on the order of 20%. 
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We concentrate our detailed analysis on the forbidden lines^, which are 
excellent indicators of the circumstellar material for two reasons: 

• They are excited collisionally and are therefore sensitive to temperature 
and density; 

• The circumstellar nebula is optically thin for these lines, simplifying the 
analysis. 

Available forbidden lines in our spectrum are from Oi, On, Oiii, Nil, Clii, Cliii, 
Arm, Sii, and Siii. We do not model lines from Fell because iron cannot be 
treated in such a simple way as the other elements. 

The different ionization states mirror the different emission regions in the 
non-spherical wind scenario and we could model the individual lines self-consis- 
tently. The resulting parameters describing the non-spherical wind are given in 
Table 1. We find the following latitude dependences from pole to equator: 

• A decrease in surface temperature by a factor 3-5; 

• A decrease in terminal velocity by about a factor 2.5; 

• An increase in mass flux by about a factor 8. 

Such a variation of the different parameters with latitude strongly reminds of 
the scenario of a rapidly rotating star. We used the decrease in terminal velocity 



^Note, that classification as a B star is based on the emission spectrum, but it does not reflect 
the effective temperature of the star. 

^For a detailed description of the line luminosity calculation see IKraiis "eTall J2005bD . 
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to derive a rotation speed of ~ 80% of the critical velocity (see Fig. 6 of Kraus & 
Lamers, this volume), which is on the same order as the values typically found 
e.g. for classical Be stars (Porter fc: Riv inius 2003). 

The total mass loss rate^ was found to be on the order of 3 x 10^^ MQyr~^, 
which coincides nicely with those found for proto-planetary nebul ae with axially 
symm etric dust shells resulting from a superwind phase (see e.g. iMeixner et al.l 
[1993). 

Finally, we would like to mention that during the fitting of the observed 
line luminosities we had to reduce the abundances of C, N, and O to values of 
< 0.6, 0.5, and 0.3 solar, respectively, while Ar, S, and CI could be modeled with 
standard solar abundances. The depletions of C and O follow from stellar evolu- 
tion, but we have no explanation for the depletion in N. There exist some B-type 
post AGB stars of si milar behaviour in th e halo of our galaxy ( Moehler Sz Hebe3 
I1998D . and recently E ennon et alJ (|2005l ^ reported on a Be star with an unex- 
pected low N abundance. The origin of those anomalies is, however, still poorly 
understood. 



5. The nature of Hen 2-90 



In the liter ature, Hen 2-9 has been classified eit her as a (co mpact) planetary 
nebula (e.g.lCosta et al.ll99 3: Maciel 1993; Lamer s et al.lll998r ). or as a symbiotic 
object (jSahai fc Nvmanll20"onl : IG uerrero et al.ll200li r One goal of our study was 



also to clarify this open question. The major characteristics of a symbiotic object 
are: 



• Emission of Hell lines from the hot component; 

• Presence of TiO bands from the cool component. 



The absence of both features in our optical spectra clearly speaks against the 
classification of Hen 2-90 as a symbiotic object. In addition, the lack of any 
emission line from ions with ionization potential higher than ~ 40 eV even indi- 
cates that the ef fective temperature of Hen 2-90 is more on the order of 30 000 K 
as sug gested bv lCidale et"aD (|200lh than 50 000 K as stated bv lKaler &: Jacobvl 
( 199ir i. 

On the other hand, the derived mass loss rate of ~ 3 X 10"^ M0yr-^ and 
the strength of the [Oiii] 5007A line (when taking into account the depletion in 
O) are consistent with what is known for (compact) planetary nebulae, and even 
the jet-like structure and regular blob ejection could be modeled perfectly with 
a pla netary nebula scenario and under the assumption of a solar-like magnetic 
cycle ()Garcia-Segura et"ani200ll ). 

From our observations, modeling and this discussion, we conclude that Hen 
2-90 is at least an evolved object, and the classification as a compact planetary 
nebula seems favoura ble. Whether it is indeed part of a binary could not yet 
been proven (see also lKraus et al.ll2005al ) and needs some further investigation. 



■^Note, that this is the past mass loss rate during the superwind phase, not the present one. 
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6. Conclusions 

We studied the non-spherical mass loss history of the enigmatic B[e] star Hen 
2-90 by means of a detailed analysis of the optical forbidden emisison lines. The 
wind geometry used is based on the HST image, which reveals a non-spherical 
wind structure consisting of a high-ionized polar wind, a neutral outflowing 
disk, and a low-ionized intermediate wind. Such a latitude dependent ionization 
structure could be confirmed by the zoo of emission lines of different ions in 
our spectra. In addition, we found a decrease in velocity and an increase in 
mass flux from pole to equator, which might be interpreted in terms of a rapidly 
rotating (80% critical) underlying star. Such rapid rotation might have caused 
the massive non-spherical wind structure during a superwind phase with total 
mass loss of about 3 x 10^^ MQyr"-*^, as it is often observed during the formation 
of a (proto) planetary nebula. From our observations and modeling results we 
conclude that Hen 2-90 must be an evolved object, and we favour the interpre- 
tation of a compact planetary nebula. Whether it is part of a binary system, is 
still an unsolved question. 
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